Abstract-An efficient method in exploration of sulfide minerals (i.e. galena and sphalerite) is the application of geo-electrical techniques including the induced polarization (IP) and the electrical resistivity (Rs). 2D electrical profiling in exploration geophysics, while gives the best results which there would be sufficient information about the strike and the trend of the mineralization. Halab polymetal deposit consists of different ore mineralization such as Pb -Zn, Fe, Cu, Au and Ag. In this paper combined geophysical methods (Magnetometery/IP/Rs) for different types of minerals have been conducted in order to image the extension of ore occurrences at depth. According to paragenesis of galena and sphalerite with Febearing minerals (e.g. magnetite and hematite), in the area of interest; first magnetometery surveys is used to determine the main strike and the trend of the mineralization. Subsequently based upon the obtained results, 7 IP-Rs profiles have been designed and surveyed to distinguish ore mineralization at depth and to acquire general information about dip and thickness parameters, consequently suggest the optimum borehole locations. Significant result of this paper is the adaptation of high-correlated geo-electrics and magnetometery data and as well the lower uncertainty arising from combined geophysical methods in polymetal exploration.
I. INTRODUCTION
PPROPRIATE geophysical methods if would be chosen correctly can provide sufficient information about the mineralization as in surface or even at depth. Halab polymetal deposit is located in Sanandaj -Sirjan belt, one of the most important mineralization areas of Iran [1] . This deposit consists of different mineralization such as hematite, magnetite, pyrite, galena, sphalerite, etc. First, magnetometery method is used to determine the main strike and trend of mineralization, then 7 IP -Rs profiles were designed and survived to detect more information about the mineralization at depth, and consequently optimum borehole locations were suggested [2] .
II. LOCATION AND GEOLOGY OF THE AREA
Halab polymetal deposit is in 125 th km, west of Zanjan. This area is near to a famous world-class lead and zinc mine, Angouran.
Most of the area consists of micaschists and quartzite. Other lithology levels are marble, dolomite, amphibolite, conglomerates, clay and sandstones shown in Fig. 1 [3] . of sulfide minerals is the induced polarization (IP). Since this polymetal deposit simultaneously consisting of Pb-Zn and CuFe, to detect the oxide minerals like magnetite and hematite, first magnetometery survey is used and then 2D electrical profiling involving IP and Rs were survived jointly.
To detect the approximate trend of mineralization, the study area covered by a magnetometery survey over a small region (X=200 m & Y=240 m). The distances of stations were chosen 10 m in both directions. According to magnetometery results and the main trend of the mineralization, appropriate locations of IP -Rs profiles were nominated and 7 electrical profiles were designed and surveyed. In this area all surveyed data have been shown in 2D maps, and eventual anomalies have been deliberated.
IV. INTERPRETATION OF SURVEYED AREA
At the rest of our work, geophysical surveys and their results have been discussed concisely.
V. ANALYSIS OF MAGNETOMETERY DATA
After primary analysis of magnetometery data, total magnetic intensity map is shown in Fig. 2 . Total magnetic intensity map has the maximum and minimum of 53000 and 45900 nT respectively. According to base magnetic intensity of this area which is 47809, residual maximum and minimum magnetic intensity is 5200 and -1900. In magnetic intensity map, total trend of mineralization is detected, which shows a north -south direction. The main anomaly is in the center of area. The reduced-to-pole (RTP) magnetic filter is used to remove the inclination effect of magnetic field in Fig. 3 . At RTP map, anomalies approximately locate over the causative sources [3] , [4] . The magnetic field has declination and inclination of 55.034 and 4.855 degree, respectively, with a constant background value of 47809 nT.
After detection of the main trend of mineralization, 7 IP-Rs profiles designed and surveyed in this area. According to main trend of mineralization which is in N-W direction, the IP-Rs profiles are conducted in E-W direction. In pole-dipole, the dipole distance is 20 m, while profiles distance is 50 m, and maximum penetration depth is 80 m. In Fig. 3 , reduced to pole magnetic map together with IP-Rs profile is shown. As it is obvious, introduced zones in magnetic map and IP pseudosection have high correlation while delineating probable minerals occurrences at depth.
To compare the obtained results of different geophysical surveys, three horizontal maps are plotted. For firs map, upward continuation filter is applied on magnetic data. In Fig.  6 upward continuation map (15 meters unit) is shown to image extension of Fe-bearing minerals at depth. In Fig. 7 and Fig.  8 , maps of induced polarization data and electrical resistivity, both at the depth of 15 m are shown respectively. As it is clear, three maps of Magnetometery, Induced Polarization and Electrical Resistivity have enhanced the location of ore mineralization at same depth. VII. CONCLUSION According to integration of three different geophysical methods such as magnetometery, induced polarization and electrical resistivity; Halab polymetal deposit consists of different levels of mineralization as veins in NS direction. Mineralization has paragenesis of different minerals like hematite, magnetite, pyrite, galena, sphalerite, etc. As mentioned, in this area, there was no obvious outcrop, therefore the main trend of mineralization was not known. Based upon the paragenesis of Fe-bearing minerals like magnetite and hematite having magnetic susceptibility contrast with background, beside lead and zinc mineralization; first, magnetometery method is used to detect the location and trend of the mineralization, then 2D IP-Rs electrical profiles designed and surveyed to obtain extra and detail information about the dip and even thickness of mineralization at depth.
From this study, it can be concluding that, according to polymetal type of deposit; different geophysical methods yield similar result in mineral exploration. With these results, optimum borehole location can be suggested. At last, for better validation of these geophysical methods, all result must be checked with borehole information.
